protein found in the milk of ruminants, and has also been identified in the milk of horses, dogs and pigs.1} /?-LG from ruminants exists as stable dimers of two identical subunits of 162 amino acid residues, each with a molecular weight of c. 18000 and two disulfide bonds. The biological function of j6-LG is still not clear but is thought to be for binding and transporting retinol to the neonate, because of its homology in tertiary structure to the retionl binding protein revealed by an X-ray chrystallographic study.2) Recent studies have also suggested that jS-LG is a member of a protein super family, whose function is binding and/or transporting small hydrophobic molecules such as retinol, cholesterol esters and /?-LG is also a major allergen in bovine milk. The antibody binding sites and T-cell recognition sites in J3-LG have been partly identified by using chemically modified protein or its enzymatic digests.5) Protein engineering techniques such as sitedirected mutagenesis would give more detailed information on the relationship between the structure of /?-LG and its functions.
However, no attempt has been so far madeto produce mutant proteins of /?-LG. To determine the role of individual residues in the various functions and physicochemical characteristics of /?-LG, we cloned and sequenced the CDNAfor bovine /?-LG, and constructed its secretion system in Saccharomyces cerevisiae.
Materials and Methods
Construction ofa bovine mammarygland CDNA library. Bovine mammarygland total RNAswere isolated from a Abbreviations: /?-LG, /Mactoglobulin; RCM-/?-LG, reduced carboxymethylated /?-LG; McAb, monoclonal antibody; ELISA, enzyme-linked immunosorbent assay; GAPD,glyceraldehyde 3-phosphate dehydrogenase.
mammarygland by the guanidine thiocyanate method of Okayamaet al.6) Poly (A)+RNAswere purified from total RNAsby chromatography on oligo (dT)-cellulose, using an mRNApurification kit (Pharmacia). Double-strand cDNAs (ds-CDNA) were synthesized from purified poly (A)+RNAs with CDNA synthesis kit (Pharmacia) according to the manufacturer's manual, which is based on the method of Gubler and Hoffman.7) An EcoRI adapter, AATTCGGCACGAG, was ligated to each end GCCGTGCTCp of the blunt-ended ds-cDNAs. The cDNAswith EcoKl adapters were then inserted into the EcoRI site ofpUCl 18, and the recombinant plasmids were used to transform E. coli DH5aaccording to the procedure of Hanahan.8) Cloning and sequencing of bovine pre-p-LG CDNA. cDNAs encoding pre-/?-LG were selected by colony hybridization, using two 32P-end-labeled oligodeoxyribonucleotide probes, 5 -CAGAAATGGGAGAACGG-3'
and 5 -ACCCAAACCATGAAGGG-3', corresponding to
and 4Thr-9Gly, respectively. Among the 7 positive clones, the plasmid which had the longest CDNA insert was identified and designated as pBB29. The nucleotide sequence of the CDNA insert of pBB29 was determined by the dideoxynucleotide chain termination method,9) using recombinant pUC118plasmids as templates.10) A series of pUC118 subclones containing deleted CDNAinserts was prepared by a deletion kit for kilo-sequencing (Takara Shuzo), and a pUC118 subclone containing the Smal fragment ofpBB29 was also prepared. Four oligodeoxyribonucleotides (17 mer) used as primers for sequencing were synthesized by MilliGen.
Construction of the expression plasmidfor bovine fi-LG in yeast. pBB29 was digested to completion with Sad and Smal, and the ends of the CDNA fragment were blunted with T4 DNApolymerase. The blunt-ended CDNA fragments were then inserted into the Sail site situated between the yeast glyceraldehyde 3-phosphate dehydrogenase (GAPD)promoter and the terminator of pYG100xl) (Fig. 2) histidine (20 /ig/ml).
Sandwich ELISA. After the yeast growth medium had been centrifuged, its supernatant was filtrated and serially diluted with phosphate-buffered saline containing 0.05% Tween 20. /?-LG in the supernatant was detected by two systems of sandwich ELISA,13) which were established by Enomotoet al. These detected the native and denatured /?-LG in sera of mice fed on whey-protein isolate diet mers. Amongthe 7 positive clones, the plasmid which had the longest bovine pre-jS-LG CDNA insert was identified and designated as pBB29.
The nucleotide sequence of the CDNAinsert of pBB29 was determined by the dideoxy sequencing method. The restriction enzyme map of the bovine pre-/?-LG CDNAinsert of pBB29 is shown in Fig. 1 . The CDNA was 773 nucleotides long, and had the 534bp coding region flanked by 27bp of 5' and 212bp of 3'-noncoding region.
By comparing the nucleotide sequence of wich ELISA. The amount was estimated to be 1.1 mg/1 of native jS-LG, using native bovine j8-LG as a standard (Table I) . Denatured j8-LG, even in a supernatant concentrated 10-fold by ultra filtration, was below the detection sensitivity (10~5 to 10"6g/l) for 21B3/31B4-Alp sandwich ELISA (Table I) . No immunoreactive substance was detected with either system in the supernatant of the growth medium of yeast harboring pYGlOO (Table I) . These results show that the denatured /?-LG in the supernatant was, if any, less than 0.1% of Authentic bovine £-LG Leu-Ile-Val-Thr-Gln-Thr-Met-Lys-Gly-Leu-Asp-Ile-Gln-Lys-Val-Ala-GlyRecombinant P-LG Leu-Ile-Val-(Thr)-Gln-Thr-Met-Lys-Gly-Leu-Asp-Ile-Gln-Lys-Val-Ala-Gly-
The concentrated supernatant of a culture mediumof yeast harboring pYBSSl was applied to a DEAE-Sephacel column and eluted with a linear gradient of 0 to 0.5m NaCl in 50mMimidazole-HCl (pH 6.7) buffer. The fractions containing /Mactoglobulin were desalted and lyophilized. The lyophilizate and authentic bovine /Mactoglobulin were applied to SDS-PAGEand electroblotted to a PVDFmembrane. Authentic and recombinant /Mactoglobulin on the membrane were applied to a gas-phase protein sequencer. The fourth residue of the recombinant /Mactoglobulin in parentheses is identified as "Thr"; however, "Tyr" was also detected with almost equal intensity of the signal.
fi-LG with a native conformation. Therefore, most of the recombinant jS-LG molecules obtained in this study are supposed to have a conformation similar to native /?-LG, although the detailed conformation remains to be elucidated.
To determine Fig. 3 ). This result shows that the recombinant fi-LG had the same molecular weight as authentic /?-LG, and suggests that this molecule was not glycosylated.
To confirm that the recombinant pre-/?-LG containing 16 amino acid residues of signal peptide had been processed correctly in the yeast, an N-terminal amino acid sequence analysis was preformed. The N-terminal amino acid sequences of authentic and recombinant j8-LG determined by a gas-phase protein sequencer are shownin Wechose the yeast secretion system for expressing /?-LG CDNA. Many eukaryotic secretory proteins with their own signal peptides expressed in yeast such as human interferon a21) and hen egg white lysozyme22) have been processed correctly and secreted into a growth medium and being folded correctly. The recombinant pre-jS-LG with 1 6 amino acid residues of its own signal peptide was also processed correctly. The mature protein had the same molecular weight as authentic bovine /?-LG, and is supposed to have a similar conformation to that of native /?-LG. The mutant proteins derived from the recombinant /?-LG would be useful for an advanced study of protein folding or of the relatioships between structure and function such as retionol binding activity and allergenicity.
